While the characteristics of the driven translocation for asymptotically long polymers are well understood, this is not the case for finite-sized polymers, which are relevant for real-world experiments and simulation studies. Most notably, the behavior of the exponent α, which describes the scaling of the translocation time with polymer length, when the driving force fp in the pore is changed, is under debate. By Langevin dynamics simulations of regular and modified translocation models using the freely-jointed-chain polymer model we find that a previously reported incomplete model, where the trans side and fluctuations were excluded, gives rise to characteristics that are in stark contradiction with those of the complete model, for which α increases with fp. Our results suggest that contribution due to fluctuations is important. We construct a minimal model where dynamics is completely excluded to show that close alignment with a full translocation model can be achieved. Our findings set very stringent requirements for a minimal model that is supposed to describe the driven polymer translocation correctly.
I. INTRODUCTION
Driven polymer translocation is a process where a polymer chain is driven through a small pore in a membrane by an electric potential applied across the membrane. It has been an active field of research since the pioneering experimental work by Kasianowicz et al. [1] , in which they showed translocation to have a potential application in DNA sequencing. Vast amount of work has been done to make it a viable option to the current sequencing methods, see e.g. [2, 3] . In addition, polymer translocation process is normal cellular activity that takes place for example when proteins are imported into mitochondrial matrix [4] .
The theoretical understanding of the driven polymer translocation has evolved from the first derivations using close to equilibrium framework [5, 6] to considerations of the polymer remaining only marginally in equilibrium during translocation [7, 8] . By simulations we have previously shown that the driven polymer translocation is an out-of-equilibrium process [9, 10] , where the polymer is continuously driven further out of equilibrium on both sides of the membrane. On the cis side, from which the polymer translocates, there is a growing region where the polymer is under tension and the monomers are in motion. On the trans side monomers crowd close to the pore exit. We presented a simple sketch to explain the obtained scaling of the translocation time τ with the finite polymer length N , τ ∼ N α , where α = 1 + ν − χ, and ν is the Flory exponent, and χ is a constant. This crude derivation was based on writing down a force balance equation for the drag due to the moving segments on both cis and trans sides and the driving force inside the pore f p . The sketch was based on very approximate data on how the tension spread on the cis side and it did not take into account variations in waiting time during translocation. Asymptotically, i.e. for zero friction corresponding to N → ∞ and large f p , we noted that χ → 0, and α = 1 + ν. * Author to whom correspondence should be addressed: riku.linna@aalto.fi A detailed analytical treatment was given earlier by Sakaue [11] . Here, it was derived how the tension propagates on the cis side setting monomers there in motion. This analytical treatment has been adopted and expanded in [12] . Sakaue's concept has been given further confirmation by a generalized computational model [13] . The model has been improved in [14] . Rowghanian and Grosberg have derived a comprehensive and quite conclusive theory for polymer translocation in the asymptotic limit of very long polymers [15] . At this asymptotic limit the translocation was confirmed to scale as τ ∼ N 1+ν . In all the computational work the polymers are inevitably well below the length required for obtaining asymptotic scaling. A finite-size scaling presented in [16] shows the close connection of zero pore friction and the asymptotic limit.
It is fair to say that the asymptotic characteristics of the driven translocation have been derived and proven. There are, however, important open questions for finite polymer lengths, where all experiments and simulations are performed. One notable issue is how α changes with f p . In our earlier simulational work [9] we have measured α increasing with f p both with and without hydrodynamic interactions. We addressed this to be due to the observed crowding of monomers close to the pore opening on the trans side. α increasing with f p was also obtained in a molecular dynamics simulation [12] . In contrast, in the numerical model, where the trans side was not included, α was seen to decrease with increasing f p [13] .
For finite polymer lengths the trans side, where the polymer is also driven out of equilibrium, may have a significant effect. In addition, fluctuations have recently been shown to facilitate translocation [17] . Also fluctuations were omitted from the numerical model, where α was found to decrease with increasing f p . Here, we estimate the importance of the monomer crowding on the trans side and the pertinent fluctuations to the driven polymer translocation for finite polymer lengths. Coincidentally, an analytical derivation accompanied by numerical solution was recently conducted to address the role of the crowding [18] . We also measure the tension spreading on the cis side in detail. By constructing a quasi-static model for the driven translocation we asses how well a model incorporating the correct initial conformation but where dynamics is completely excluded describes the driven polymer translocation process. This gives us an idea of the precision required of a model constructed to reproduce the characteristics of the process in detail. Finally, we summarize the necessary ingredients of such a minimal model. The paper can be outlined as follows. The complete computational model for the driven polymer translocation is described in Section II. The modified models, the results obtained via simulating them, and the related analysis are presented in Section III. Summary and conclusions are made in Section IV.
II. THE COMPUTATIONAL MODEL

A. The polymer model
A coarse-grained freely-jointed spring-bead polymer model is used in all simulations. The model consists of beads connected together as a chain using finitely extensible nonlinear elastic (FENE) potential. The FENE potential is described as
where r is the current length of the bond and R = 1.5σ is the maximum bond length. Excluded volume interactions between all beads are implemented by the shifted and truncated Lennard-Jones (LJ) potential
where r is the distance between the beads. The values for the parameters above are chosen to be K = 30 σ 2 , ǫ = 1.0 and σ = 1.0. Good solvent condition is implemented by applying the LJ potential only where it is repulsive. For r > r 0 = 2 1/6 σ, U LJ = 0. r 0 can be regarded as the bead radius. For clarity, the beads in Figures 1 and 4 are depicted much larger than this. The length scale can be related to physical length scale for instance by the relation b = 2λ p , where b = 1 is the bond length and λ p is the persistence length, e.g. 40Å for a ssDNA [19] .
B. The dynamics
All the simulations are performed by using Ermak's implementation of Langevin dynamics [20] . The Langevin equation can be given asṗ
where p i is the momentum, ξ the friction constant, η η η i (t) the random force, and f(r i ) the resultant of polymer's intrinsic forces and the external driving force. Here the driving force is applied only on beads inside the pore. The integration of the Langevin equation is done by using the velocity Verlet algorithm [21] . The parameter values are given in reduced units. We set the Boltzmann constant k B = k = 1. The temperature used in the simulations is T * = kT /ǫ = 1. Forces in reduced units are f * = f σ/ǫ = f and the time step δt * = (ǫ/mσ 2 ) 1/2 δt = 0.001 [22] . The value for the friction coefficient is ξ = 0.5 and η i (t) is related to it according to the fluctuation dissipation theorem. The mass for each polymer bead and the time step for the integration are chosen to be m = 16.
C. The pore and membrane
For the physical model of the membrane we use two aligned infinite planes separating the simulation space into two semiinfinite compartments, as seen in Fig. 1 . Slip boundary conditions are applied for polymer beads hitting the walls. The separation between the planes in our model is 5σ. For modeling a pore through the membrane, we insert circular holes of diameter 2.25σ in both planes. Inside the cylindrical pore a linear force pulls the polymer beads toward the center axis according to
where r p is the distance from the pore axis and v p the velocity component perpendicular to the pore axis. The parameter values are chosen as k p = 100 and c = 1.0. f h keeps the polymer straight inside the pore preventing hair pinning. The driving pore force f p is given as force per bead (or monomer). Hence, the total pore force is f tot p = 5σf p . (f tot p is kept constant in spite of variations in the number beads inside the pore by adjusting momentary force per bead so that the pore exerts a constant force per polymer length.) To estimate e.g. the magnitude of the total pore force in SI-units, when f p = 1 in reduced units, one writesfb/k BT = f p b/kT = 1 to obtaiñ f p = k BT /b = 0.52 pN. Hence,f tot = 5f p = 2.6 pN. For a typical potential of 120 mV driving a polymer through an α-HL pore and taking the effective charge per nucleotide to be q ≈ 0.1e, where e is the elementary charge [23] [24] [25] , and assuming for a ssDNA roughly ten nucleotides per 40Å , we obtainf tot ≈ 5 pN. Obviously, due to their dependence e.g. on the pore structure, precise estimates of realistic pore force magnitudes are impossible to make. Nevertheless, the pore force in our simulations is of the right order of magnitude.
III. RESULTS
Here, we present results obtained from our unmodified and modified polymer translocation models. Our aim is to determine, how completely driven translocation dynamics is determined by the tension spreading on the cis side and to what extent the trans side affects the characteristics. We have previously shown that the polymer segment on the trans side, along with the segment on the cis side, is continuously driven further out of equilibrium [9, 10] . We first characterize this for the present model in III A and continue to asses the roles of both sides by modifying the model in III B. Then we measure from simulations of the full dynamical model the length of the tensed segment. We construct a quasi-static model void of any dynamics to see how well this crude model describes the process in III C. Unless noted otherwise, all measurements are averages of 500 simulated translocations. In all figures error bars are smaller than the symbols marking the measured values.
A. Radius of gyration on the trans side
Similarly as for our model including hydrodynamics [9] , we compute the radius of gyration R g of the polymer segment on the trans side as a function of the number of beads on the trans side N tr . This way we can determine how far out of equilibrium the polymer on the trans side is driven during translocation. A weak external pore force of f p = 1 is applied to all beads within the pore. R g (N tr ) for five different chain lengths are given in Fig. 2 . We compare these to R g (N = N tr ) of equilibrated chains attached to a wall of identical boundary conditions. The computed R g for ten different N are averages over 200 equilibrated conformations. R g ∼ N ν , where ν ≈ 0.6 was obtained both for chains attached to the wall and free polymers. Hence, the effect of the wall is negligible. ν ≈ 0.6 is the value expected for a polymer with excluded volume interactions in free space.
The plots of R g in Fig. 2 as a function of N tr show that the polymer segment on the trans side is driven increasingly out of equilibrium during translocation. Since the polymer translocates much faster than it relaxes toward thermal equilibrium, the monomers crowd and the polymer conformation is strongly compressed on the trans side. R g for polymers of different lengths evolve identically. Only at the very end of the translocation R g (N tr ) deviates from the general trend due to the speed up as the end of the chain is pulled through the pore. This speed up can be seen in the waiting time profile, Fig. 9 . So, even for the fairly moderate pore force f p = 1 crowding on the trans side is considerable and can potentially slow down the translocation. This slowing down would be stronger for long polymers. Increasing f p naturally enhances crowding, as can be seen in Fig. 2 , where the trans side R g for polymers of same length are shown also for f p = 10. Hence, crowding on the trans side could cause the α to increase with f p .
B. Roles of the trans and cis sides
Next, we want to asses to what extent the strong crowding on the trans side affects translocation dynamics, mainly determined by the tension spreading on the cis side [9] [10] [11] [12] 15] .
It is practically impossible to determine the effect of crowding during a simulation precisely, since there is no way of isolating it. For example, attempts to measure the force exerted by segments on the trans side on the monomer at the pore exit are bound to fail due to the difficulty of excluding the force propagated in the chain from the cis side and the large fluctuations in its magnitude. Due to these difficulties, we assess the effect of the trans side by simulating modified systems, where either trans or cis sides are eliminated. Hence, in these modified systems polymers are either absorbed in or ejected from a wall. Obviously then, the momentum conservation is broken, and the effect caused by this cannot be excluded. In spite of this, conclusions about the roles of the cis and trans sides can be drawn.
We compare α for our different model systems. The scaling τ ∼ N α was measured for different f p . In all model systems the simulation starts with the first bead of the poly-mer positioned in the middle of the pore, as shown in Fig. 1 . The polymer is first equilibrated while the first bead is being held fixed. Time required for equilibration was determined by monitoring R g and seeing that it had stopped diminishing and reached the equilibrium value. The first bead was released after this equilibration time. A polymer bead is considered translocated once it has passed the middle of the pore and the whole process ended when the last bead has translocated.
The modified models were implemented as follows. In the "no trans" model, a polymer bead is removed from the trans side when a new bead arrives there. At most two beads are allowed on the trans side at any instant. In spite of the out-ofequilibrium character of the process, short distance transitions were found to dominate driven translocation [26] . Hence, there is a considerable amount of back-and-forth motion, and by allowing two beads on the trans side we avoid unnecessary removals and additions of beads. In the "no cis" model new beads are generated at the entrance of the pore as the polymer translocates. The new bead is always placed at equilibrium distance from the bead inside the pore close to the pore opening on the cis side. In this way no additional force is introduced when generating a bead on the cis side except for the small extra drag during the short interval in which the generated bead is accelerated. Analogously to the "no trans" model, a buffer of two beads was allowed during backsliding of the polymer.
Translocation times τ as a function of the polymer length are given for f p = 1 in Fig. 3 . The lines are least squares fits to the power law τ = cN α . Scaling exponents obtained for different f p are listed in Table I . It is seen that the removal of the trans side beads has a very small effect on the scaling for f p = 1. In contrast, when the segment on the cis side is excluded, close to linear dependence of τ on N is obtained. So, as expected, the dynamics on the cis side almost solely determines the translocation dynamics. The trans side slightly slows down the translocation. We also checked that excluding both sides α = 1 is obtained, as it trivially should be. Including only the trans side segment gives α slightly greater than one, so at least in the limit of zero friction on the cis side the weak effect of crowding can be seen.
The polymer segments on both sides are driven further away from equilibrium when increasing f p . As can be seen in the first column of Table I , α increases with increasing f p confirming our previous finding from simulations using stochastic rotation dynamics [9] and the result from MD simulations [12] . In contrast, α decreasing with increasing f p was obtained using a numerical model, where the effect of the trans side was ignored [13] . In [9] we addressed this increase of α with f p to be due to stronger crowding on the trans side for large f p , see Fig. 2 .
In the second column of Table I it can be seen that α increases, albeit more weakly, with f p also in the "no trans" model. This means that the the increase of α with f p is not due to crowding. We have previously shown that fluctuations are significant both in driven translocation [26] and in the related process of capsid ejection [27] . The increase of α can be addressed to the contribution due to fluctuations, which were also ignored in the model reported in [13] . Dubbeldam et al. have recently analyzed the role of fluctuations in driven polymer translocation [17] . They found that fluctuations assist translocation. The contribution of fluctuations naturally increases with decreasing f p . Hence, for moderate f p , smaller α results, in other words, α increases with f p .
Our simulations support the finding that fluctuations contribute to the increase of α with f p . From the first two columns of Table I it is seen that excluding the trans side results in increased α for moderate f p . For large f p , α of the unmodified and "no trans" models are equal. Excluding the trans side results in fluctuations becoming less prominent. There are two possible explanations for this. Firstly, the fluctuating force from the monomers crowded on the trans side in the complete model are not mediated to the pore in the "no trans" model. The second mechanism for fluctuations becoming less prominent in the "no trans" model is somewhat less direct. The total force exerted on the monomers inside the pore can be written as f tot = f p − f count − f f rict , where f count is the osmotic force due to crowding and f f rict is the total frictional force. Excluding the trans side sets f count = 0 thus increasing f tot . This, in turn, increases the role of drift compared to diffusion, i.e., fluctuations, resulting in the increase in α when excluding the trans side [18] . (It should also be noted that the contributions from tension propagation and tail retraction as described by Dubbeldam et al. [12] would give similar characteristics also when the trans side is excluded.)
Hence, the smaller α in the unmodified model for moderate f p is in accord with the finding of Dubbeldam et al. The weaker increase of α with f p would then result from the exclusion of the trans side, which diminishes the role of fluctuations. The values of α in the third column of Table I would also support this finding: When excluding fluctuations on the cis side α is slightly larger for moderate f p and diminishes toward unity only at large f p , where fluctuations are negligible compared to the driving through the pore.
Setting the pore friction close to zero, ξ = 0.001, results in increased α, as can be seen in the fourth column of Table I. This is in agreement with our previous findings: α decreases with increasing ξ, and for zero friction and large f p , α = 1 + ν is approached from below [9] . (However, α seems to increase with the friction of the whole system, the pore included, see [28] .) The finite-size analysis of the pore friction [16] is qualitatively supported by these characteristics. Dubbeldam et al. argued that α remains smaller than the asymptotic value 1+ν due to fluctuations that tend to diminish α. This is supported by α measured for the "no trans" model, where ξ = 0.001. Excluding the fluctuations arising from the trans side again increases α for moderate f p . Again, α for this and the unmodified model, where ξ = 0.001, are equal when f p is large, in which case the contribution from fluctuations are insignificant. α for the complete model is constant and smaller than the asymptotic value for different f p . However, when the trans side is excluded, α diminishes with increasing f p .
In conclusion, it can be stated that inclusion of all the fluctuations present in the system is essential in order to obtain correct characteristics for the driven translocation. So, although the crowding itself does not have a significant effect on the obtained scaling, inclusion of the fluctuations pertinent to the trans side seems to be crucial for obtaining the correct scaling. 
C. Dragged beads and waiting times
We pursue further in our attempt to asses in what detail a model has to reproduce the simulated results in order to be regarded as the correct model. In what follows, we investigate in detail the relation between tension spreading and monomers on which drag is exerted. To pin down the tension propagation along the polymer during a simulation, we measure distances l(n) of all bead pairs (n − 1, n + 1) in the polymer chain that are separated by the bead n, see Fig. 4 . As the tension propagates from the pore on to the cis side, the polymer straightens and l(n) in the tensile sections grow. This way of measuring the tension propagation is much more precise than our previous measurement based on identifying monomers moving toward the pore on the cis side [9] . The area below the diagonal n = s depicts l(n) for beads translocated to the trans side and the area above it for beads on the cis side. The qualitative picture extracted from Fig. 5 is what should be expected. l(n) are seen to be greatest in the segments inside and immediately behind the pore on the cis side. The segment under tension increases steadily as the beads translocate to the trans side until it encompasses the whole polymer segment on the cis side, which then diminishes until the whole polymer chain has translocated. In order to make comparison between drag force and waiting time profile, we extract a profile for the number of beads in drag from Fig. 5 . We take the outer contour (dashed line) of the area where the tension has propagated. Since the bond number n of the vertical axis is the bead around which the distance has been calculated, we can determine the length of the tensed polymer segment in numbers of beads in drag n d by taking the vertical distance between the dashed contour and the diagonal n = s for all s. Fig. 6 shows lengths of the tense polymer segments calculated this way for N = 50, 100, 200, and 400. The profiles for different N are seen to be nearly identical until n d equals the number of beads still on the cis side.
We compare the profile for n d to the profile resulting from a hypothetical situation where beads are pulled so rapidly that the polymer conformation has no time to respond to the pulling. In other words, the translocation velocity is much greater than the speed at which the polymer relaxes toward thermal equilibrium. Dynamics, in particular inertia, has been eliminated from this model, which we accordingly call the quasi-static model. The symbols pertinent to this model are depicted in Figs. 7 and 8. For clarity, the model and the resulting equations are presented without the pore beads. In the numerical fits the number of pore beads, which is a mere additive constant, is included. For this model we derive the number of beads belonging to the tense segment as a function of translocation coordinate in the following way. From each initial equilibrium conformation of our simulations we calculate the shortest distance d(n) between every polymer bead n and the entrance of the pore in units of average bond lengths b. n d = d(n)/b will be the number of beads in drag when tension reaches the bead n. c(n) = nb is the distance from the pore entrance to the bead n along the contour of the polymer.
Since n = c(n)/b is the number of beads originally connect- ing the bead n to the pore entrance, n − n d is the number of beads that have already entered the pore at the time when tension reaches the bead n. Accordingly, the translocation coordinate is obtained as s = n − n d . When the tension just reaches the bead n in the quasi-static model, the length of the tensed segment d(n) = n d b equals the initial equilibrium distance h(n) from the pore entrance to the bead n: h(n) = Abn ν = Ab(s + n d ) ν , where A is a constant coefficient. Hence,
We measure R g for the initial polymer conformations to obtain ν ≈ 0.6. The coefficient A can now be determined by solving Eq. (5) for ν = log(n d /A)/ log(s + n d ) and requiring that ν ≈ 0.6 for as large range of s as possible. (Close to s = 0 and s = N Eq. (5) does not hold.) We obtain A = 1.3. Fig. 6 shows the length of the tense segment in numbers of beads in drag n d as a function of s extracted from simulations and for the quasi-static model described above. The numerical solution of Eq (5) for asymptotically long polymers follows n d (s) for the quasi-static model only to deviate from it as s → N due to retraction of the polymer tail. Our simplified model describes only the tension spreading and not the tail retraction, which could be described with n d decreasing linearly with s.
We can follow the same procedure to fit the numerical solution of Eq (5) to n d as a function of s obtained from real simulations. We obtain A = 1.45. The coefficient could be made equal to that obtained for the quasi-static model by choosing a different constant tension value for extracting the profile in Fig. 6 from Fig. 5 . Making the coefficients equal means making the "n d simulation" curve to align as closely as possible with the "n d quasi-static" curve. So, the deviations of "n d quasi-static" and "n d simulation" with the corresponding numerical solutions of Eq. (5) are directly comparable. Hence, we see that deviation of n d (s) extracted from simulations from those for the simple quasi-static model is very small. From the n d and the numerical solutions of Eq. (5) in Fig. 6 deviation of α obtained for the n d from simulations and for the quasi-static model from the asymptotic value 1 + ν is seen to be due only to the finite polymer length.
Assuming n d to be directly proportional to the waiting time (for a rationalization, see below) we can use the initial conformations of our simulations and extract the waiting time profile for the quasi-static model. The real waiting time distribution gives the time that it takes (on average) for the bead s to enter the trans side after the bead s − 1 has entered. The actual waiting time distributions obtained from simulations for the pore force f p = 1 and polymers of lengths N = 50, 100, 200, and 400 are given in Fig. 9 . The forms of the waiting time and n d profiles are very similar, as is expected based on the force balance that holds for the driving and drag force. A simple force balance assumption and Langevin equation would give the velocity of the polymer in the pore as inversely proportional to the number dragged beads [9] . This simply means that the waiting times should be proportional to the number of dragged beads or the length of the tense segment of the polymer.
It is remarkable that based on this oversimplification a satisfactory alignment of the model and simulations can be reached, as can be seen in Fig. 10 simulations is seen to be more rounded than the n d profile for the quasi-static model. This is due to all correlations being excluded from the quasi-static model. In the first case the boundary between monomers at rest and those set in motion is broader. In the waiting time profile correlations between monomers show most clearly, and the boundary is broadest due to the acceleration of monomers broadening the boundary between the tensed and relaxed segments and making the profile rounder. If we integrate n d profiles to get τ for different N , we get α = 1.566, 1.547, and 1.545 for f p = 1, 5, and 10, respectively. From the n d profile for the quasi-static model we would get α = 1.511. So, α decreases with increasing f p , when only the number of monomers in drag as a function of s is used instead of actual waiting times. In other words, α is seen to decrease when fluctuations and some aspects of the dynamics are excluded. The latter is due to ignoring that monomers that are set in motion do not reach their terminal velocity instantly but are accelerated, instead.
IV. CONCLUSION
We have by Langevin dynamics simulations and varied models determined important characteristics of driven polymer translocation for finite polymer lengths N . Our motivation was to determine the minimum ingredients required of a driven polymer translocation model to reproduce the correct characteristics. Specifically, we addressed how strongly the monomer crowding on the trans side modifies the overall characteristics of this process. We were also interested in the possible effect of fluctuations that we have previously found to be of importance for realistic pore force f p magnitudes [26] .
We first confirmed our previous finding for the complete model that the cis and trans sides are driven strongly out of equilibrium for realistic f p . Secondly, we confirmed that the exponent α describing how the translocation time scales with the polymer length τ ∼ N α increases with f p . This is in accord with our previous findings [9] and those by Dubbeldam et al. [12] . The numerical model reported in [13] based on the tension propagation on the cis side [11] gives the opposite characteristics. Since this model completely ignores the trans side, we set out to determine, if the out-of-equilibrium dynamics of the polymer segment on the trans side is responsible for this discrepancy. This we did via modified translocation models. We found that α increases with f p also for the model where monomers were removed after they had translocated to the trans side. The increase was only slightly more moderate than when the trans side was included.
Setting the pore friction very close to zero resulted in α staying constant for varying f p . This is in keeping with the expected asymptotic scaling. Only the value α was smaller than the asymptotic value 1 + ν. Excluding the trans side α decreased slightly with f p in the absence of pore friction but excluding the cis side we could see that the trans side has a very weak effect on the obtained scaling.
Hence, although the monomer crowding on the trans side was found to affect the scaling, its contribution was very weak. All our results on the complete and modified models could be explained by the finding of Dubbeldam et al. [17] that fluctuations facilitate translocation for moderate f p . Accordingly, the most drastic deficiency when excluding the trans side appears to come from eliminating the pertinent fluctuations. The same applies for the cis side. Together with the results obtained for our other models, results for the close to zero pore friction support the finding that fluctuations contribute to α remaining below the asymptotic value [17] . In accord with our previous findings [9, 10] the pore friction diminishes α, which has a close connection with the finite-size effect, as analyzed in [16] .
In order to pin down how detailed alignment with the true model is required of the model that is claimed to describe the driven polymer translocation, we also investigated in detail the tension propagation dynamics on the cis side. We measured with high precision how tension propagates along the polymer contour on the cis side in our complete dynamical model. Additionally, we produced a waiting time profile corresponding to a force-balance based approximation where the waiting time w is directly proportional to the number of monomers in drag n d . For this model where some dynamical aspects are ignored we find that α very slightly decreases with f p and approaches the value α ≈ 1.55. We then excluded all dynamics, most notably inertia, from our quasi-static model, where we used initial polymer conformations on the cis side and described the driven translocation by just applying the natural constraints for the tensed segment length and the distance of monomers from the pore in the initial equilibrium polymer conformation. For this model we obtain α ≈ 1.51. We showed that the waiting times for these models are closely reminiscent of the true waiting times obtained for the full dynamical model.
In conclusion, we found that the waiting time profiles for all the different models giving different α are very similar. Hence, a highly detailed alignment of the waiting times obtained for a minimal and the complete dynamical model is required to claim perfect description of the process. The increase of the scaling exponent α with the pore force f p for finite polymer length N has now been confirmed with both Langevin dynamics and stochastic rotation dynamics. We found that for a model to reproduce correct characteristics inclusion of both the cis and the trans side with the pertinent fluctuations is necessary.
